Although acute venous thrombo-embolism (VTE) often afflicts patients with advanced age, the predictors of in-hospital mortality for elderly VTE patients are unknown.
Introduction
The incidence of venous thrombo-embolism (VTE), comprising deep vein thrombosis (DVT) and pulmonary embolism (PE), increases exponentially with advancing age. 1 The elderly, for whom the cut-off point of 65 years was adopted by the International Conference on Harmonisation of Technical Requirements of Pharmaceuticals for Human Use (ICH) E7 guideline on geriatric patients, represent the fastest growing demographic segment of the patient population in the industrial world. 2 High incidences of concomitant diseases and co-medications, impaired hepatic or renal function, and changes in pharmacokinetic and pharmacodynamic profiles make elderly patients especially vulnerable. The current consensus guidelines of the American College of Chest Physicians (ACCP) do not issue specific recommendations devoted to the acute management of elderly VTE patients. 3 Intermediate and long-term survival of elderly VTE patients is poor, and the elderly are especially prone to bleeding complications from anticoagulation or reperfusion treatment. 4 -8 It is unknown whether differences in VTE severity exist between the elderly and younger patients, and whether VTE severity impacts on short-term clinical outcomes. We also aimed to explore the clinical predictors of early mortality in elderly hospitalized patients with acute objectively confirmed VTE.
Methods Patients
The prospective SWIss Venous ThromboEmbolism Registry (SWIVTER) enrolled 1247 consecutive patients with acute DVT or PE from 4 academic and 14 non-academic acute care hospitals in Switzerland from January 2009 to May 2010. Inclusion criteria were age ≥18 years and objectively confirmed acute VTE event, by compression ultrasound or phlebography in the case of DVT, and by contrast-enhanced chest computed tomography, ventilation perfusion scan, or conventional pulmonary angiography in the case of PE. There were no exclusion criteria. Eligible patients were enrolled during clinical inpatient or outpatient visits at participating hospitals. SWIVTER issued no recommendations on VTE diagnosis or management. The study was approved by the local Ethics Committees of the participating hospitals.
Data, definitions, and statistical analysis
Anonymous data on patient demographics, co-morbidities, localization of VTE, risk factors for VTE and bleeding, management, and clinical outcomes such as in-hospital mortality, recurrent VTE, and bleeding requiring treatment were collected in a standardized case report form (CRF). Data were directly entered into the electronic CRF by the physician in charge of the patient's care or by a study physician or a study nurse and then securely transmitted to a central database monitored by an independent data coordinating centre (La Volta Statistics, Zurich, Switzerland). Elderly age was defined as an age of 65 or more years. Massive PE was predefined as PE with systolic arterial hypotension (blood pressure levels of ,90 mmHg) or as PE requiring cardiopulmonary resuscitation or the administration of catecholamines. 9 Provoked VTE was defined as thrombosis associated with surgery, hospitalization, immobilization for more than 3 days, oestrogen therapy, pregnancy, or prolonged travel of more than 5 h, all within 30 days prior to VTE diagnosis. 3 Reperfusion therapy for PE included systemic thrombolysis, catheter intervention with or without thrombolysis, or surgical embolectomy. Reperfusion therapy for DVT included catheter-directed thrombolysis, catheter intervention with or without thrombolysis, or surgical thrombectomy. Recurrent VTE was defined as symptomatic non-fatal PE and/or symptomatic DVT after the initial VTE diagnosis. Group comparisons for continuous variables with a normal distribution were performed using the t-test and the data were described as means with standard deviations (SD), group comparisons for continuous variables with a skewed distribution were performed using the Wilcoxon rank-sum test and the data were presented as median values with inter-quartile ranges (IQRs), and group comparisons for discrete variables were performed using the x 2 or Fisher exact test and the data were presented as frequencies and percentages. For identifying clinical factors associated with in-hospital mortality, univariate Cox's regression analysis reporting hazard ratios (HRs) with 95% confidence intervals (CIs) was performed. All reported P-values are two-tailed. The data were analysed using STATA 10 software (STATACorp LP, College Station, TX, USA).
Results

Patient characteristics
Overall, 1247 patients were enrolled; 644 (52%) were elderly and 603 (48%) younger than 65 years of age. In comparison to younger patients, the elderly were more often hospitalized at the time of VTE diagnosis or immobilized for more than 3 days, more frequently had an acute infection, acute respiratory or heart failure, diabetes, chronic respiratory or heart disease, renal failure, and a history of stroke, but less often were obese and less frequently had recent surgery or trauma ( Table 1) .
The elderly more often had acute PE when compared with the younger patients (60 vs. 42%; P , 0.001), whereas they less often had first isolated distal DVT (11 vs. 18%; P ¼ 0.001) and upperextremity DVT (5 vs. 8%; P ¼ 0.011). In comparison to younger patients, the elderly more frequently had cancer-associated VTE (30 vs. 20%; P , 0.001) and less often had provoked VTE (38 vs. 45%; P ¼ 0.009). Among patients who were diagnosed during an outpatient visit, the elderly more often had acute PE than younger patients (54 vs. 37%; P , 0.001). Among patients who were diagnosed during an inpatient visit, the elderly more often had acute PE when compared with the younger patients (67 vs. 56%; P ¼ 0.013). Among patients who were treated on an outpatient basis, acute PE was similarly often present in the elderly and younger patients (21 vs. 18%; P ¼ 0.46). Among patients who were hospitalized after VTE diagnosis, the elderly more often had acute PE when compared with the younger patients (74 vs. 65%; P ¼ 0.007).
Among patients with acute PE, there was a trend towards a higher rate of massive PE in the elderly vs. younger patients, and the elderly more frequently had positive cardiac biomarkers, troponin T or I or (N-terminal pro) B-type natriuretic peptide (BNP), oxygen saturation in room air below 90%, dyspnoea, and a high simplified pulmonary embolism severity index (sPESI) when compared with the younger patients ( Table 2) . Among PE patients ≤80 years of age, patients between 65 and 80 years of age more often had a high sPESI than patients below 65 years of age (69 vs. 49%; P , 0.001). Among patients with DVT alone, DVT of the inferior vena cava (IVC) or the iliac veins was similarly often present in both age groups (18 vs. 17%; P ¼ 0.80). Among patients with cancer-associated VTE, younger patients more frequently had metastatic disease, recent chemotherapy, or surgery ( Table 1) .
Initial and long-term treatment of VTE
Overall, 75% of the elderly and 52% of younger VTE patients were hospitalized ( Table 1 ). In total, the median duration of hospital stay was 11 (IQR 7-20) days; it was 12 (7-22) days in the elderly and 10 (5 -19) days in the younger patients (P ¼ 0.022). Among the 644 patients with acute PE, elderly patients were more often hospitalized than younger patients (92 vs. 80%; P , 0.001). Among the 603 patients with acute DVT alone, elderly patients were more often treated on an inpatient basis than younger patients (50 vs. 32%; P , 0.001). Among VTE patients who were diagnosed during an outpatient visit, the elderly were more often hospitalized when compared with the younger patients (55 vs. 34%; P , 0.001). Among PE patients who were diagnosed during an outpatient visit, the elderly were more often hospitalized when compared with the younger patients (83 vs. 68%; P ¼ 0.001).
There was no difference in the use of reperfusion therapy, including systemic thrombolysis, catheter intervention, and surgical thrombectomy between the elderly and younger PE patients ( Table 2 ). There was also no difference in the use of reperfusion therapy (31 vs. 20%; P ¼ 0.50), including systemic thrombolysis (21 vs. 20%; P ¼ 0.96), catheter intervention (7 vs. 0%; P ¼ 0.39), and surgical thrombectomy (7 vs. 0%; P ¼ 0.39) between the elderly and younger patients with massive PE. Reperfusion therapy (0.8 vs. 4.6%; P ¼ 0.007), including catheter-directed thrombolysis (0.4 vs. 3.5%; P ¼ 0.011) and surgical thrombectomy (0.8 vs. 2.5%; P ¼ 0.10), was less often administered in the elderly when compared with the younger patients with DVT alone. Overall, the elderly more frequently received antithrombotic therapy with unfractionated heparin (31 vs. 18%; P , 0.001) and less often with low-molecular-weight heparin (80 vs. 88%; P , 0.001); twice-daily regimens were prescribed more frequently in the elderly (27 vs. 18%; P , 0.001). Mechanical therapy with vascular compression stockings or bandages was more often prescribed to elderly than to younger patients; there was no difference in the use of IVC filters between both age groups ( Table 1) .
In-hospital clinical outcomes
The overall rate of in-hospital mortality was 5.3%; this rate was greater in the elderly when compared with the younger patients (6.6 vs. 3.2%; P ¼ 0.033; Figure 1 ). In total, the proportion of patients with in-hospital recurrent non-fatal VTE was 2.3%; it was 1.5% in the elderly and 3.5% in the younger patients (P ¼ 0.06). The overall rate of in-hospital bleeding requiring treatment was 5.1%; this rate was greater in the elderly when compared with the younger patients (6.6 vs. 2.9%; P ¼ 0.018).
In hospitalized patients, cancer (HR 5.15, 95% CI 2.71-9.82; P , 0.001), massive PE (HR 4.25, 95% CI 1.96 -9.20; P , 0.001), hypoxia (HR 4.17, 95% CI 2.10-8.25; P , 0.001), chronic lung disease (HR 3.16, 95% CI 1.68-5.96; P , 0.001), tachycardia (HR 2.52, 95% CI 1.36-4.67; P ¼ 0.003), and an increasing age (HR 1.04, 95% CI 1.02-1.07; P ¼ 0.001) were univariate predictors of in-hospital death. In elderly hospitalized VTE patients, cancer, massive PE, hypoxia, and chronic lung disease were univariately associated with in-hospital death ( Table 3 ). In younger hospitalized VTE patients, hypoxia, tachycardia, and cancer were univariate predictors of in-hospital death.
Discussion
In the SWIVTER, elderly patients over 65 years of age had more serious VTE than younger patients. First, PE occurred more frequently in the elderly when compared with the younger VTE patients. In addition, PE severity was pronounced in the elderly as evidenced by higher rates of an increased sPESI, 10 of increased cardiac biomarkers, and a trend towards a higher rate of massive PE. Secondly, massive PE was particularly life-threatening in the elderly. Finally, potentially life-saving reperfusion treatment was used in less than one-third of patients with massive PE from both age groups. Overall, our data suggest but do not prove that there might be an underuse of reperfusion therapy among patients with massive PE. High rates of co-morbidities and an increased risk of bleeding may partly explain the omission of reperfusion therapy, particularly in elderly patients with massive PE. However, an increased risk of bleeding may prohibit the administration of systemic thrombolysis but not necessarily a catheter intervention, with or without the use of catheter-directed thrombolysis, or surgical embolectomy.
The clinical manifestation of VTE between the elderly and younger patients differed substantially in SWIVTER; the elderly more often had cancer and less frequently had provoked VTE A high simplified pulmonary embolism severity index (sPESI) was defined as the presence of at least one of the following criteria: age .80 years, systolic systemic pressure ,100 mmHg, heart rate .110 b.p.m., oxygen saturation ,90%, cancer, heart failure, and chronic lung disease. 9 and first isolated distal or upper-extremity DVT when compared with the younger patients. The higher incidence of cancerassociated VTE and the lower incidence of upper-extremity DVT in the elderly in our study are consistent with the results of the Worcester Venous Thromboembolism Study 11 and previous registries. 12, 13 The finding of a lower proportion of provoked VTE in the elderly vs. younger patients contrasts with the Worcester Venous Thromboembolism Study.
11
When compared with a recent review of studies of elderly patients with acute PE, the most common clinical PE symptoms in our study were dyspnoea (86 vs. 59-92%) and tachycardia (27 vs. 29-76%).
14 The overall proportion of massive PE in SWIVTER and in the International Cooperative Pulmonary Embolism Registry (ICOPER) was similar (6 vs. 5%), and both registries reported that more than two-thirds of patients with massive PE did not receive reperfusion therapy. 9 Our study offers important insights regarding the relationship between age and management of unselected patients with acute VTE. Two-thirds of the elderly and half of the younger patients were treated in a hospital setting, an observation that likely corresponds to higher rates of PE and co-morbidities in the elderly. The elderly more frequently received intravenous unfractionated heparin as an initial antithrombotic agent, probably because of a higher rate of massive PE, renal failure, or other bleeding risk factors. When compared with younger patients, the rate of reperfusion therapy for acute DVT was lower in the elderly patients (1 vs. 5%), reflecting an increased risk of bleeding complications and a shorter life expectancy in the elderly.
Elderly VTE patients had a higher rate of early death when compared with younger VTE patients, a finding that confirms the results of ICOPER with an age of .70 years as an independent predictor of 3-month mortality. 15 The rate of bleeding complications exceeded the rate of recurrent VTE among elderly patients in our study (in-hospital bleeding requiring medical attention: 6.5% vs. in-hospital VTE recurrence: 1.4%) and in the Registro Informatizado de la Enfermedad TromboEmbó lica (RIETE) (major bleeding at 3 months: 3.4% vs. VTE recurrence at 3 months: 2.1%). 16 Similar results were also observed in the Worcester Venous Thromboembolism Study.
The main strength of our study is the multicentric prospective inclusion of unselected VTE patients in a real-world setting that provides a representative picture of the age distribution in patients with acute VTE. A weakness of the study is that no systematic follow-up beyond hospital discharge was obtained. The high proportion of PE patients in our study population of hospital-managed VTE patients reflects that many DVT patients were likely not enrolled in SWIVTER because in Switzerland, DVT patients are increasingly being managed on an outpatient basis from private practices. 17 Finally, our findings may not necessarily be valid in other countries; particularly, the novel finding of an increased VTE severity in the elderly requires confirmation from other national or international surveys.
In conclusion, elderly patients had more serious VTE than younger patients, and massive PE was particularly life-threatening in the elderly. Future PE management studies should consider the inclusion of elderly patients where clinical benefit from reperfusion therapy, including catheter-based interventions with or without thrombolysis, may potentially be present.
